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Description 

Technical field 

This invention relates to the recovery of Group VIII noble metals, more particularly of palladium, from 
s dilute aqueous solutions thereof. 

Background of the prior art 

It has been proposed by HIrschberg, in U.S. Patent 3,294/183, that palladium can be recovered from 
dilute acidic palladium*cohtaining solutions by treating the solutions with gaseous hydrogen In the 
to presence of palladinated or platinized carriers, such as carbon black, so as to precipitate metallic palladium 
on the carrier. It Is further proposed that the metallic palladium thus precipitated can be recovered in the 
form of a concentrated solution by treating the palladium-coated carrier with an oxidizing acid or with a 
combination of a non-oxidizing acid and an oxidizing agent, for example, hydrogen peroxide, oxygen or air. 
It has been proposed by Keith et al in U.S. Patent 3,138,560, to produce palladium on carbon catalysts, 
IS under neutral, but preferably alkaline, conditions, using relatively high concentrations of palladium salt in 
the presence of an oxidizing agent, such as hydrogen peroxide. The carbon black employed is said to have 
pH greater than about 4.5, preferably greater than about 7, in an aqueous dispersion. 

It has been proposed by Panesko, in U.S. Patent 3,694,370, that palladium can be recovered from an 
alkaline medium containing a mixture of palladium, rhodium and technetium by treatment with activated 
20 charcoal, which selectively adsorbs palladium before either rhodium or technetium. 

A technique for the separation of technetium, palladium, rhodium and ruthenium proposed by Moore, 
In U.S. Patent 3,848,048, requires the use of a sequence of carbon beds, on the first of which is adsorbed a 
high level of a chelating agent specific for palladium, on the second of which is adsorbed In a chelating 
agent specific for technetium and on the third of which is adsorbed a chelating agent specific for rhodium 
2S and ruthenium. 

Leopard, in U.S. Patent 3,469,971, has proposed recovery of a Pt-group metal from a deactivated 
catalyst, having a refractory inorganic oxide support, by heating the acid-treated residue of the catalyst 
with carbon in an oxygen-free atmosphere, heating the resulting material in a medium containing free 
oxygen, and dissolving iron impurities with a strong mineral acid to produce the R-group metal. 

Carlin et al, U.S. Patent 3,922,231, is representative of references disclosing the use of ion-exchange 
resins for the recovery of palladium, rhodium and technetium from alkaline waste solutions. 

It will be apparent that the prior art broadly discloses the use of carbon or treated carbon for adsorption 
of one or more of the Group VIII noble metals from their solutions, but that the processes disclosed are 
either complex, time-consuming or require the use of expensive reagents during the adsorption step. None 
of the prior art successfully addresses the problem of recovering Group VIII noble metals from very dilute 
solutions. 

It is an object of this Invention to provide a simple process for the efficient removal of low 
concentrations of palladium or other Group Vill noble metals from dilute acid solutions. 

^ Brief summary of the invention 

Salts of Group VIII noble metals are removed from a dilute acidic solution of pH less than 4 containing 
less than 0,6% by weight of the salt by adding to the dilute solution up to 10% by weight of hydrogen 
peroxide; contacting the resulting solution with activated carbon upon which the salt is adsorbed; and 
separating activated carbon and adsorbed salt from solution of diminished salt concentration. Preferably, 
the Group VIII noble metal salt is palladium and the solution is acidic aqueous or methanolic. 

Detailed description of the invention 

"Group VIII noble metal" as used In the specification and claims, means ruthenium, rhodium, 
palladium, osmium, iridium or platinum, that is metals of the palladium and platinum sub-groups of Group 
VIII of the Periodic Table. "Pd-group metal" means ruthenium, rhodium or palladium. The process of this 
invention is preferably applied to the removal of Pd-group metal salts from solutions thereof, most 
preferably for the removal of Pd salts. 

Group VIII noble metals are widely used In supported catalysts. In many cases, the catalysts are 
contacted with acidic solutions, which more or less rapidly attack the supported noble metal and cause its 
dissolution. The resulting acidic solutions of noble metal can not be disposed of directly for economic 
reasons as well as environmental considerations. It will be understood that the process for recovery of 
Group Vlli noble metals is applicable to any acidic effluent stream resulting from catalyst leaching, 
including effluents of spent catalyst recovery streams. It Is also applicable to recovery of Group VIII noble 
metal salts from dissolved ores. 

A typical process giving rise to dilute acidic solutions of Group VIII noble metal is the synthesis of 
hydrogen peroxide from hydrogen and oxygen using supported catalysts in an aqueous medium 
containing an acid and an oxygenated organic compound, such as a ketone, ether or ester. Processes of 
this sort have been disclosed by Hooper In U.S. Patents 3,336,112 and 3,361,533. 

A preferred catalyst for hydrogen peroxide synthesis by this route is palladium supported on silica gel, 
from which the palladium tends to dissolve to a considerable extent in the acidic medium employed. 
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Solutions from which Group VIII noble metal ions can be recovered can be completely aqueous or 
water-based solutions containing up to 98% by volume of a miscible organic solvent. Including methanol. 
Recovery of Group VIII noble metal ions from non-aqueous solvent systems Is also within the scope of this 
invention, the amount of water added along with the hydrogen peroxide being negligible for all Intents and 
5 purposes. 

The dilute solutions from which the Group VIII noble metals are recovered may contain one or more 
strong acids, particularly hydrochloric or sulfuric add. However, the process of the Invention will be 
applicable to solutions containing other acids, e.g., acetic acid, nitric acid, hydrofluoric acid, hydrobromic 
acid, orthophosphoric acid or various sulfonic acids. 
10 In practical terms, an upper limit of acidity is of the order of 0.1^2M and a lower limit of the acidity Is of 
the order of phi 4. 

The invention Is practiced by adding to the dilute acidic solution up to 10% by weight of hydrogen 
peroxide and contacting the solution with activated carbon, upon which Group VIII noble metal Ions are 
adsorbed rapidly. The activated carbon and adsorbed Group VIII noble metal salt are then separated from 
IS the solution, which Is thus diminished in Group Vlil noble metal ions. 

Although Group Vlil noble metals orthe corresponding ions are adsorbed on acth^ated carbon to some 
extent, the efficiency is thermodynamically limited at the lower concentrations of metal salts, thereby 
necessitating high capital investments for equipment However, it has been found that addition of 
hydrogen peroxide to the dilute salt solution greatly enhances adsorption of the metal ions on the activated 
20 carbon and is critical to providing efficient recovery of the Group VIII noble metal salt from the solutions 
being treated. The amount of hydrogen peroxide added to the dilute solution will be at least sufficient to 
provide a 1:1 molar ratio of peroxide to metal. It is to be understood that Increasing the ratio of peroxide 
above unity will increase the rate at which the noble metal can be recovered. Generally, the amount of 
peroxide will be at least 0.5% by weight. 
28 "Activated carbon" or "charcoal" as used In the specification and claims, means high surface area 
carbon from various sources. Including wood, coconut shells, and bituminous coal. The activated carbons 
suitable for the purposes of this invention will generally have a surface area of 200 — 1800 m^/g. Those 
which are preferred will have a surface area of 800 — 1200 mVg. 

The amount of activated carbon employed per unit volume of acidic solution being treated will depend 
30 on the structure of the activated carbon, particulariy surface area and absorptive capacity, and on the 
Group VIII noble metal content The solutions can be contacted with the charcoal in either batch or 
continuous fashion. For large scale utilization, passage of the metal ion-containing solution over a fixed 
bed of charcoal will be preferred. In continuous processes, the characteristics of the breakthrough curve for 
any given activated carbon will be determined empirically, partly as a function of the extent of Group VIII 
3S metal recovery desired. 

It is proposed that the dissolved Group VIII noble metal salt adsorbed on the charcoal may undergo a 
chemical reaction with hydrogen peroxide on the surface of the charcoal and that metal may therefore be in 
the form of an oxide or the free metal, as well as in the form of a salt The expression "activated carbon on 
which is adsorbed Group VIII noble metal salt" accordingly includes activated carbon or charcoal on which 
^ the corresponding salts, oxides or free metals, or any combination thereof, are adsorbed. 

It will be understood that "adsorbed" or "adsorbing", as used In the specification and claims, is not 
limited to adsorption in the thermodynamic sense, although thermodynamically-controlled adsorption is 
Included. It Is intended that the term encompass whatever processes or mechanism by which palladium is, 
^ In fact, removed from the solution being treated, for example, palladium-carbon bonding, deposition of 
microscopic palladium particles on carbon, precipitation of colloidal palladium or ion-exchange. 

The charcoal or activated carbon can be separated from solution diminished by Group VIII noble metal 
by filtration or centrifugation, when a batch process is employed. In a fixed bed process, the bed can be 
isolated fcty stopping the flow of noble metal-containing solution. In either case, the noble metal adsorbed 
^ on the activated carbon can be Isolated by dissolution with an oxidizing acid, e.g., hydrochloric acid or nitric 
acid, or by ashing the noble metal-activated carbon material. 

Another altemative is to convert the noble metal adsorbed on activated carbon to a catalyst for 
hydrogen peroxide synthesis by treatment with a reducing agent, e.g., hydrogen, sodium formate or 
hydrazine. Preliminary treatment with an oxidizing acid to bring about partial dissolution of the adsorbed 
noble metal and effect more uniform distribution of the noble metal on the charcoal can be carried out. 

The results obtained by the practice of this invention are unexpected t>ecause both ion exchange and 
activated carbon adsorption are thought to be equilibrium controlled 

M'**(soliitlon)^'^'^*(sorbed/iBXolianaed) 

eo 

Therefore, high salt concentrations have heretofore been required for an efficient removal process. At 
very dilute concentrations, of the order of less than 0.5%, recovery by exchange or sorption techniques was 
impractical or uneconomical because large beds of charcoal or resin were required. 

Without further elaboration, it Is believed that one skilled in the art can, using the preceding 
description, utilize the present invention to its fullest extent The following specific embodiments are. 
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therefore, to betsonstrued as merely illustrative and not limitative of the remainder of the disclosure in any 
way whatsoever, in the following examples, the temperatures are set forth uncorrected in degrees Celsius. 
Unless otherwise indicated, all parts and percentages are by weight 

6 Example 1 

Completely aqueous solutions were prepared which were 0.1 N in sulfuric acid, 0.01 N in hydrochloric 
acid and contained 500 ppm of palladium (as PdCIs). One solution contained no hydrogen peroxide; the 
other contained 5% by weight of hydrogen peroxide. 

Aliquots (200 ml) of each solution were maintained at 0°C. To each was added a weighed portion of 
10 activated carbon (Calgon® PCB 4X8). The solutions were agitated in a shatcer bath and kept at 0°C. The 
concentration of Pd'^'^ in the solutions at indicated time intervals was determined by atomic adsorption 
spectroscopy. The following results were obtained: 
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Sample composition: 
HaOa (%) 
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Example 2 

Removal of Pd^*^ from solutions as in Example 1, each containing 5% of hydrogen peroxide, was 
determined at 24X employing 10 g samples of commercially-available activated carbon/200 ml of solution. 
Results are given in the table: 

36 





Time (hr) 


0.5 


1.0 


2.0 


4.0 


40 


Activated 


Pd Cone, 
(ppm) 


Pd Cone, 
(ppm) 


Pd Cone, 
(ppm) 


Pd Cone, 
(ppm) 




Columbia 6/8 


20.6 


22.4 


24.8 


11.0 




PCB 4x10 


37.2 


8.5 


4.4 


2.1 


48 


DARCOCB) S51 4x12 


69.5 


36.5 


17.2 


7.6 




NucharCg) 14x35 


43.7 


16.6 


15.3 


7,2 


60 


BPL 4X8 


34.7 


12.3 


6.2 


1.7 




RB 8x30 


6.6 


4.6 


4.1 





Properties of the foregoing samples of activated carbons, as made available by the suppliers, were: 
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Example 3 

Methanol solution containing 2% by volume of water and about 250 ppm of palladium (as PctCIa) and 
which was 0.1 N in sulfuric acid and 0.01 N in hydrochloric acid was prepared. A second solution containing 
5% by weight of hydrogen peroxide was prepared. 
5 To each 200 ml aliquot of solution, maintained at O^C was added a 1 0 g portion of PCB activated carbon, 
as In Example 1. At the end of 4 hours, 10 ppm of palladium remained in the solution containing hydrogen 
peroxide, whereas the control contained above 60 ppm. 

Example 4 

10 The relationship between hydrogen peroxide concentration and palladium redeposition was 
determined in experiments in which about 200 ml of peroxide-containing solution was placed in a 
borosllicate flash previously passlvated toward hydrogen peroxide decomposition by soaldng in 7% 
aqueous hydrogen peroxide solution. The volume of solution was chosen so that the total volume, after 
addition of PdCU (10,000 ppm) solution, was 200 ml. The solutions were kept at room temperature during 

IS the experiments. Following addition of PdCIa solution, the indicated amount of activated carbon (12x16 
PCB, Pittsburgh Calgon) was added to the unstirred solutions. The time at which the carbon blacic was 
added was designated as Tq. At times indicated in the following table, samples were withdrawn and placed 
in passivated sample containers. Analysis for dissolved palladium was as in Example 1. Results were: 

20 A. Methanol/water solution'** containing 100 ppm Pd 

PPM dissolved palladium 
Time 
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0.5 hr 


1 hr 


2 hr 


4 hr 


5 


6.06 


2.21 


0.86 


0.80 
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7.73 


3.50 


1.69 


0.99 


2 


9.44 


5.07 


2.20 


1.18 


1 


11.01 


6.16 


2.44 


1.32 


0.5 


12.00 


ai6 


4.69 


1.82 
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19.5 


20.5 


18.9 


16.7 



80.20 methanol: water by volume containing 100 ppm of each sodium meta-and pyrophosphates and 0.1 
N in sulfuric acid and 0^01 N in hydrochloric acid. 

B. AcetoneAvater solution^' containing 20 ppm Pd 
PPM dissolved palladium 
Time 



4S 


yoHaOz 


0.5 hr 


1 hr 


2 hr 


4 hr 




5 


2.27 


1.70 


0.95 


0.46 


60 


3 


2.59 


1.99 


0.97 


0.53 




2 


2.45 


1.90 


1.45 


0.55 




1 


2.65 


2.43 


1.46 


0.74 


65 


0.6 


3.50 


2.82 


1.77 


0.90 




0 


5.15 


4.75 


5.15 


4.29 



<^> 80:20 acetone:water by volume containing 100 ppm of each of sodium meta- and pyrophosphates and 
0.1 N in sulfuric acid and 0.01 N in hydrochloric acid. 

Claims 

1. A process for the recovery of a salt of a Group VIII noble metal from a dilute acidic solution of pH less 
than 4 containing less than 0,5% by weight of the salt, comprising the steps of: 
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(a) adding to the dilute solution up to about 10% by weight of hydrogen peroxide, 

(b) contacting the resulting peroxide-containing solution with activated carbon and adsorblna on the 
activated carbon the salt of the Group VIII metal, and 

(c) separating activated carbon on which Is absorbed Group VIII noble metal salt from a product 
6 solution containing a lower concentration of Group VIII metal salt than the dilute solution of step (a) 

2. The process of claim 1, wherein the Group VIII noble metal is of the Pd-group, 

3. The process of claim 2, wherein the Pd-group metal is palladium. 

4. The process of claims 1 or 3, wherein the dilute acidic solution is aqueous. 

5. The process of claims 1 or 3, wherein the dilute acidic solution is methanolic. 

w 6. The process of claim 3, wherein the Pd-group metal is palladium and the dilute acidic solution Is 
aqueous. 

7. The process of claim 3, wherein the Pd-group metal is palladium and the dilute acidic solution is 
methanolic. 

8. The process of claim 1, including a further step of isolating Group VIII noble metal from the activated 
f5 carbon separated in step (c). 

PatentansprQche 

1. Verfahren zur Gewinnung eines Salzes ernes Edelmetalls der Gruppe VIII aus einer verdQnnten 
sauren Losung mit einem pH-Wert von weniger als 4, die weniger als 0,5 Gew.-% des Salzes enthalt, wobei 

(a) der verdQnnten Losung bis zu etwa 10 Gew.-% Wasserstoffperoxid zugesetzt wird, 

(b) die anfailende, Peroxid-haltige L5sung mIt aktiviertem Kohlenstoff in BerQhrung gebracht wIrd und 
auf dem aktlvierten Kohlenstoff das Salz des IVIetalls der Gruppe VIII adsorbiert wird, und 

(c) der aktivferte Kohlenstoff, auf dem das Edeimetall der Gruppe VIII adsorbiert ist, aus einer 
Produktiasung abgetrennt wird, die eine geringere Konzentration des Metallsalzes der Gruppe VIII als die 
verdQnnte Ldsung der Stufe (a) enthalt. 

2. Verfahren nach Anspruch 1, worin das Edeimetall der Gruppe VIII aus der Pd-Gruppe stammt 

3. Verfahren nach Anspruch 2, worin das Metall der Pd-Gruppe Palladium Ist. 

4. Verfahren nach Anspruch 1 oder 3, worin die verdQnnten saure Ldsung eine wassrige Ldsung Ist. 

5. Verfafrren nach Anspruch 1 oder 3, worin die verdunnte saure Losung eine methanolische Ldsung 
ist 

6. Verfahren nach Anspruch 3, worin das l\ietali der Pd-Gruppe Palladium ist und die verdQnnte saure 
Ldsung eine wSssrige Ldsung ist 

7. Verfahren nach Anspruch 3, worin das Metall der Pd-Gruppe Palladium ist und die verdQnnte saure 
Ldsung eine methanolische Ixsung ist. 

8. Verfahren nach Anspruch 1, welches einen weiteren Schritt der Isolierung des Edelmetalls der 
Gruppe Vlli von dem in Stufe (c) abgetrennten alctivierten Kohlenstoff einschllel&t 
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Revendications 

1. Procddd pour la recuperation d'un sel d'un megal noble du groupe Vllt h partir d'une solution acide 
dilute ayant un pH inf6rleur d 4, contenant moins de 0,5% en poids du sel, caractdrisd par les Stapes 
suivantes: 

(a) on ajoute d la solution dilute jusqu'd environ 10% en poids de peroxyde d'hydrogdne, 

(b) on met en contact la solution r^sultante contenant du peroxyde avec du cheriran actif et Ton 
adsorbe sur le charbon actif le sel du m6tal du groupe VIII, et 

(c) on separe le charbon actif sur lequel est adsorbd le sel du mdtal noble du groupe VIII d'une solution 
contenant une moindre concentration en sel de mdtal du groupe VIII que la solution dilute de r^tape (a). 

2. Procdde sulvant la revendication 1, caracterisd en ce que le mdtal noble du groupe VIII appartient au 
groupe du palladium. 

3. Procdde suivant la revendication 2, caractdrise en ce que le mdtal du groupe du palladium est le 
paliadium. 

4. Procdde sulvant Tune quelconque des revendications 1 ou 3, caractdrisd en ce que la solution acide 
dilute est aqueuse. 

5. Proc^de suivant I'une quelconque des revendications 1 ou 3, caractdrise en ce que la solution acide 
dilute est m§thanolIque. 

6. Proc^de suivant la revendication 3, caractdrisd en ce que le m^tal du groupe du palladium est le 
palladium et que la solution acide dilute est aqueuse. 

7. Procddd suhrant la revendication 3, caractdrisd en ce que le m^tal du groupe du palladium est le 
palladium et que la solution acide dilude est m^thanolique. 

8. Proced6 sulvant la revendication 1, caracterisd en ce qu'il comprend une dtape suppiementaire 
d'isolation du mStal noble du groupe VIII d partir du charbon actif sdparS dans I'dtape (c). 
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